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Parameter Estimation For Static Models
0f The Maypole Hoop/Column Antenna Surface

H. T. Banks
P. L. Danfel

E. S. Amstrong

ABSTRACT

We aiscuss theoretical and numerical results for spline based
approximation schemes employed in parameter estimation algorithms
for static distributed systems. A specific application involves
estimation of parameters in models for the antenna surface in the
deployable Maypole Hoop/Column antenna.




PARAMETER ESTINATION FOR STATIC MODELS

OF THR MAYPOLE NOOP/COLUMM ANTEMMA SURFACE

N. T. Banks
Lafschets Center for Dynsmical Systeme Depsrtmsnt of Mathematics
Southera Methodist University Flight Dynamice snd Coatrol Division

Division of Applied Machemstics
Srown Univereity
Providesce, RI 02912

ABSTRACT

Ua discuse theoretical and sumericsl rssults
for spline based approximstion schemas ewployed ta
patamster escimstion algorithes for static distri-
buted systems. A specific application iavolves
estisstion of pavsmeters in sodels for the ancemna
surfsce ia the deploysbls Maypols Noop/Columm
ascensa.

Wethods for stata and parsmeter estimstion in
discridbuted system models for largs spece struc-
tures ave of {acreasing iaportance ia view of the
inherent complexity ia coafigurstion sad ssterisl
composition of such structures. The deployable
Maypole loop/Column suteana {12] wndar developmest
by the Barris Corp. 15 one such exsmple. The
snteana consists of s gold-plated sovlybdenwm
reaflective mesh surface stretched over & collap-
sible hoop that sepplies the rigidity anecessary to
asintain the owter circular shape of the sutemma.
The sanular ssubrase-1tke eurface (100 u. ia
diaseter) surrounds a telescoping column which pro-
vides sachoriog locations for the flexible mash
snd for cables that comnect the top end of the ssst
to the outer hoop aad the bottom end of the maet to
48 equally spaced radial graphite cord truss systems
woven through the sash surface. The lower cabdles,
or control “stringers™, defise the shape of foer
separste parsboloid dishes located omn the surface
and thus are of primary isportaace ia the reslisze-
tion of sccurate reflactor surface comtrol that 1is
seeded 1in commmicaticns spplicatioas. Fwndsmsucal
to the faplesancstion of & desired surface config-
urstion (through the adjestusnt of control striagers)
is an snslysis of cthe curreat satsans coafiguration
from "observations” cbtained through sensisg
devices on the surface; although iaterestisg
dynsaic state estimscion and control prodlems arise
during the initisl stages of satemme depleyusat
(from the collepsed "scowed™ configurstios ia the
storsge compertment of cthe space shuttle), we will
concentrate hore on the static identificatien prod-
lems that occur after extended periods of operation.
Stace it 1o anticipated thet envireumental stresses
ond the effects of agiag will contridute to degre-
dation snd chamges ia material properties, the
static prodblem will consist sot caly of stete idew-
tification but the estimstion of varioces msterial
paranstere and loads relsted te the structure.

P. L. Deniel

Dellas, TX 735275

£.8. Armatrong
Spacecraft Control Braach

HASA Langley Rasesarch Cemter
Ramptoa, VA 23663

la vhat follows we descridbe a static psrasster
estisstion probles sssocisted with s distridbuted
sodel for the sotemna surface. Our efforts have
tocused on the t of computationally eff{-
cient methods for deteruiniag stiffasss pactsmsters
and/or the distridbuced losd os the surface (e.g.,
through the coatrol striager/cruss systeam).
Although ve recogaise the possible taportance of
nonlinear state equatiocns (see, for sxample [1),{2))
to describe surface displacensat and sre cucrently
investigatiag the use of such models, we have
chosen & linser distributed aodel as s stacting
poiat for our studies. Our assumed state equatioa,
given here in vartacional fore by

Q) f' ["mwv - tvir de 40 = O,
LI

velates the vertical displecemsat u (from hoop
level u = 0) to the etiffnsse (elastic) coelficiemt,
g = 8(r,0) and the applied discribuced load, f. Ia
addicion to assuming u(R,,9) = 0 (along the hoop)
we, without 1oss of genelality, take u = 0 st the
ioner circular boundary of che surface (v o a)
since problems with sochomogeneous boumdary 1=
tions msy eesily b transformed to this forw by 2
changs of vartsble. Fiaally, w(r,0) = u(e,2v) o
(), where g (or an spproxisstion for g) is assumed
mova from observations along & single redial coed.

The methods described here are similer tn
spiric ¢o those for dynemical systeas fowd ta (3],
(8], 13), (6], (71; there cue reformulates the
underiyiag systen (s parsmster dependeat partial
differential equation with boumdary snd faitial
conditions) as s abstract evolution equstion

u(t) = A(Qlu(t)

@ 0 ey
in an riately chosen Nilbert space 2. The

mu::r’ ':’(uuu’y iavolving mtu’l. difteventie-
tion) any depend ou & vector ¢ of persmeters to be
estinated by, for example, & least squares fic-to-
data criterion. For the static antenms prodblem we
take a similar approsch ia that we reformslate (1)
s® sa sbetrect vartationsl esquatios im T gives by

(M Alg)e=t,vre0,

where the equition holde for sll v ia some set of
test functions.




To construct spproximste parameter estimstion

problems, ve choose spproximation subspaces I” to I
and operstors AV = PAPE  uhere P¥ 18 the ortho-
gonal projection of Z oato 2¥. WUe thes obtain
approxineting state equaticns of the fors

& % - Mo

for n' ¢ z". For f{inite-dimensional subspaces z".
the parameter eetimation probles associated vith
(A) can offer significant computational sdvsatages
over the original ideatification probles, espec-
ially vhen the spproximstions sre such that the
dimension of Z® caa be tsken 1.

Assuming thea that che WE® gpproximate pers~
sster esCimstion problem has been solved for some
optimal parameter §¥, ve thus have s sequence of
passmaters {§¥) for vhich ve have been sble to
demonstrate convergence (in sn sppropriste sense)
to & solution T of the original estimstion probdles.
The convergence srguments, to be described (an "
detail elsewhere, depend on properties of A and T°,
and require several geunersl sssumptions oa the pars-
seters and the fuactiom .

SPLINE APPROXIMATIONS POR THE
ANTEWNA PROBLEN

To apply the sbstract framework descrided
above to the probles of estimstiag, for exsmple,
the stiffness coelficient q = £ in the sutomns
problem, ve first indicate how ome computes approxi~
astions to the state for & gives velus of L weing
standard B-gpline speces ‘lll. (101, (11]) oo the
approximation subspeces I%. More precisely, ia
the l-disensional .Ml- (vhere angular symmetry
is assumed), let 2" demote the of linear
spline basis slements (3%,...,80. 1) defined on &
particion of t!‘ a2l tué ® equal subintervals,
vhere 3] 1s the standard linesr elemsat ceatered
at Ry + (R = R))1/0 (ve aote ia this case that
esach of the basis clements satisfies che homo-
genecus boundary conditions at &, and l,). Re~-
vricing (4) e

(3] «(q)u' -f, ™o eo R
or, equivelently,

) [.’m-' cwt™) -t v e e0,
Ry
we Bey express n' in terms of owr basis elemenmts,

0.8, Fer o:t:. and consider the (matrix) system

11

.1
(m ¢ o ]"m' e w')eer - I"! Weer,
L (' M

Jo ‘..oo..“.

where o a u'(() wsy be computed for esch choice of
£ by spjlytod stenderd techaiques (e.g., Cholesky
decompogition). Ve note that other spline swbepaces
(eudic, quintic elements, etc.) may also be weed,
esch of which generates & matrix for the left-hend
side of (7) thet exhibits o desirable banded strwc~
‘m.

The i1-dimsneionsl sntemme problem asy de
spprosched ia & sinilar asaner, although it poses

additions] techaical difficulties. [n this case
ve choose Z" « 't."'(lzl’;) wvhere l: . l:(r) and
r',' . l‘:(!) are spline slements (linear, cubic, etc.,

wodtified to satisfy sppropriste boundsry conditions)
defined ou a partitioning of (R), R3] and (0,2v],
vespectively, into M subintervals. Since the basis
elements are nov tensor products of spling elements,
the 2-dimensional snslog of (7) {avolves the direct
product of banded matrices and cequires special
computatiocasl schemes (see (8], [9]).

Ue tura next to an implementstion of the
patamecer astimstion problem for fixed ¥, noting
that the discussion thus far has focused on the
solution of (7) (or {cs 2~dimemsionsl couaterpart)
once 2 cholce of the parameter € (s given, When £
is unksown, coaveaticasl optimization schemes (e.g.,
Levenberg-Marquardt) say be spplied to ths prodles
of estimating £ from observations of the state vis,
for example, & least sguares criterion c'utuuod
by tha approximsting stats tion in Z°.
Typically an initial guess sust be provided;

:h: optinization scheme thes genarstes & sequence
(2%}, vequiring that the state equat (7) b
solved for each successive iterste £. Clearly,
the efficlency of the estimstion effdre vill depend
on the difficulty invoived ta solviag (7) st sach
step ia this process; ia the l-dimensiomal case,
ve asy siaplify cthis task by picking & tepreseats-
tion for €, x00

ey = ¢ A .
kel “q

vhate N and q (ususlly spline elemsats) ate chosea
s priori. The advaatages to this forwulation are
tvofold: ue need only identify a finite ausber of
scalar parameters vi, k = 1,...,K(X) tastead of &
function € of r and, since these coefficients wiil
sppear in froat of the fategrals in the left-hand
side of (7), the requisite lategrations need not
be Tepeated as sach parameter iterats 1» updated.
Ve remsrk that sithough the choice of elemencs &)
1s somewhat srbitrery, it has beem our experience
that higher ovder epline elements (a.g., cubic) are
sore accurate sad thus msy be effectively stilised
vith sesll values of M. A similar cepreseatatiocn
for € fs slso desirsdle in the 2-dimensional prodlea.

aile ve shall aot enphasize here the theore-
tical aspects of our iavestigstions, we remark that
ve have developed a coavergencs theory for spline
based slgoricthes such as thet just descridbed. The
fundansntal ideas involve varfationsl fnequalities
end epline approximetion estimstes for llmear asd/or
cubic elememts.

WRERICAL EXANPLES

Since we are cutreatly La the process of
sunarically testing algorittms for the 2-dimensionsl
sodel, we only present here represeatative findiage
for tha l-¢imsasional problem. 1a this example,

Ry =3, 83«90, the spplied force {s taken to
be f(r) » -, 0002¢% ¢ 3, Since the l-dimensionsl
counterpart to (1) 19 equivalent to sn ordimacy
differentisl equation two-pofat boundaty value
problen, sa independent method (& suitiple "shooting”
schese) was esed slowng with the "trus” valus of €,

Te) » 2 = ota ﬁ(c-”. to genarate “semple” dsts,
$.0., the values of u at 12 edsecrvation poiate ia




fx, .2}
to fiAd £
to=data criterion.
spline vepresentation for £ (K(X) = 4) so that our
{dentification prohlem became that of estimating

._*F'un an {nitial quess of ! . Ve attespted
a2 £ that sacisfied a lmg squares (it~

Ia sddition, wa chose a cubic

the coefficients v, kK = 1,..,.,4, tn that repre~
sentation. For vison below, {aitial guesses
snd “true” sclutiocas are also expressed in that
fors.

Example 1: Ve take Ne24 (linear splises) and €5 * 0.
4 4 h &

Injcis) guess: 0.001 0.001  0.001 0.001
Converged vplug: 1.426 0.119  0.109 1.514
“Trug® velug;  1.487 0.113  0.11) 1.487
Sxample 2: Hetre Nelé (linear splines); l: s |- ir‘
A 2 2 &
Injtqsl guege: 3.167 1.667 0.167 -1.333
Gouverged walug:s 1.42¢ 0.119 0.109 1.514
“Irug® valug +  1.6487 0.113  0.11) 1.487

Sinilar resuits for & aumber of other test axsmples
have been obtained.
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